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Recognize unforeseen 
scientific opportunities
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Space Robotic Capabilities

• Planetary Exploration
– Surface Mobility
– Instrument Placement
– Geological Sample Manipulation
– Science Perception, Planning and Execution
– [Human EVA Assistance]

• In-Space Operations
– Assembly

• Mating large parts
• Making connnections

– Inspection
– Maintenance

• Component Changeout
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Flight SOA Fielded 
SOA

10 year 
Forecast
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Surface Traverse Distance
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Surface Mobility

Autonomous mobility in terrain types

Flight SOA Fielded 
SOA

10 year 
Forecast

Dunes
Level 

Consolidated
Boulder 

Field Escarpment
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Sample Approach and Instrument 
Placement

Remote 
measurements

Simple surface 
contact 
measurements

Multiple targets 
in single cycle, 
highly robust

Precision 
surface contact 
measurements

Flight SOA Fielded SOA 10 year forecast

Command cycles 
/ operation : MultipleMultiple Single Highly autonomous
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Whole Sample Manipulation
Imprecise and 
unpredictable 
manipulation

Precise and 
predictable 
manipulation

Operate in complex 
environment w/ clutter, 
constraints and occlusions

Breakthrough
Flight SOA

10 year forecast

Command cycles 
/ operation : MultipleMultiple Single

Manipulate 
complex 
shapes

Highly autonomous

Example 
manipulators:

GripperScoops, 
clamshell

Dexterous 
gripper

Human hand
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Onboard Science Perception and 
Science Plan Execution

None (tele-
operation)

Time stamped 
sequence

Flexible time,
contingencies

Prioritized task list 
with constraints

High level science 
goals

Return all data Select targets Return selected data Characterize site

10 years

Recognize unforeseen 
scientific opportunities

Breakthrough
10 years

Execution:

Perception:
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In-Space Robotic Assembly and 
Maintenance

• Capturing of payload by a 
robotic manipulator

• Gross assembly of components
• Mating of connectors
• Changing out components  
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In-Space Robotic Assembly

Teleoperated capture  
of fixed component

Flight SOA Fielded SOA
10 year 
forecast

Payload
capture

Autonomous capture  
of fixed component

Teleoperated capture  of 
free-flying component

Autonomous capture  of 
free-flying component

One or more basic 
elements

Flight SOA Fielded SOA
10 year 
forecast

Multiple components 
and orientations

Large mass or flexible 
components

Complex assembly; 
gossamer components

Teleoperated mating of 
robot friendly connectors

Flight SOA Fielded SOA
10 year 
forecast

Autonomous mating of 
robot friendly connectors

Teleoperated mating of 
EVA connectors

Autonomous mating of 
EVA connectors

Gross 
assembly

Mating 
connnectors

Autonomous mating of 
arbitrary connectors

Breakthrough

Breakthrough
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In-Space Robotic Maintenance

Open loop control

Flight SOA Fielded SOA 10 year 
forecast

Locating a
component

Closed loop control 
using special markers

A priori model of 
undamaged component

A priori model of 
damaged component

Teleoperated grasping of 
robot friendly component

Flight SOA Fielded SOA
10 year 
forecast

Autonomous grasping of 
robot friendly component

Teleoperated grasp of 
component w/ handle

Autonomous grasp of 
component w/handle

Grasping a
component

Autonomous grasp of 
arbitrary component

Breakthrough
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In-Space Assembly Overall Evaluation

Teleoperated robots that move large components and mate parts

Closely supervised, semi-autonomous robots that move large 
components and mate parts

Teleoperated robots that can mate parts and make fine connections between parts

Closely supervised, semi-autonomous robots that mate parts and make fine 
connections between parts

Autonomous robots that move large components and mate parts with minimal 
human intervention

Autonomous robots that mate parts and make fine connections between parts with 
minimal human intervention

Autonomous robots that perform complete assembly of complicated structure 
(e.g., large telescope) from start to finish with substantial support from ground-
based or in-space humans 

Autonomous  robots that perform complete assembly of complicated
structures (e.g., large telescope) from start to finish with minimal human 
intervention
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Feedback

• Site visits
– CMU
– JPL
– JSC
– Goddard
– NRL
– Stanford
– [MIT]

• Community feedback
• Web-based questionnaire: 

http://armstrong.arc.nasa.gov/ice/projects/questionnair
e/1Main_Frameset.html (in progress)


